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Abstract: Various parameters are inversed when hail occurred by using Qinhuangdao Doppler weather radar
data, and the relationship between various parameters and occurrence of hailstorms is extracted with 36
hailstorm cases during 2008 —2015 in the eastern Hebei Province. The study results show that the avera-
ges of maximum radar base reflectivity (MaxREF), top of the storm (TOP) and vertically integrated liquid
(VIL) are 62 dBz, 9.9 km and 51. 6 kg « m ? respectively when hails occur. The average storm thickness
above 0°C level layer is 5. 8 km, the average thickness between 0'C level layer and —20C level layer is
3.1 km, MaxREF height of the storm is 4. 6 km, and the average storm moving speed is 9 m * s~ ', The
radar parameters corresponding to different sizes of hailstones do not change significantly. During the

occurrence of hail, sudden-increase phenomenon for MaxREF between the two volume scan is 7 dBz on average,
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sudden-increase phenomenon for TOP between the two volumn scans is 6. 7 km on average and sudden-in-

crease phenomenon for VIL between the two volumn scans is 17 kg * m™

? on average. This transition oc-

curred 39, 30 and 25 min earlier than the average time of hailstorm occurrence. Such sepcical phenonmenon

could be an important criterion for hail warning. In addition, the WSR-88D hail algorithm HI is evaluated.

The results show that probability of detection and false acceptance rate of the hail algorithm are relatively

higher. The forecasting rate of hail by the algorithm is about 43 min on average, and the hail forecast re-

sults are larger.

Key words: hail, radar parameters, HI (hail index), 0'C level layer height
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Table 1 Collection of 36 hail samples of 0C level layer height and —20°C level height
from May to September 2008 —2015
g PR st pgwe KON IR 200 RE 0GR s 0 O
CE/ /B /mm i B /km i JE /km il 25 Z (A JE B /km
1 2008/9/7 06:25—06:30 H 12 4.2 7.2 e 3
2 2009/6/14 13:15 T 15 3.5 6.5 Jes 3
3 2010/6/16 19.18 DL 7 4.4 7 IR 2.6
4 2010/6/17 12:05 FEHE 14 4.2 7.1 Py 2.9
5 2010/6/17 1259 L 5 4.2 7.1 Jiay=s 2.9
6 2010/6/17 16.08 HEEE 25 3.9 7.2 IR 3.3
7 2010/6/17 15:08 E3 | 8 3.9 7.2 IR 3.3
8 2010/6/17 18:20 e 5 3.9 7.2 R 3.3
9 2010/6/17 13.37 IR 14 4.2 7.1 proy= 2.9
10 2012/6/3 09:09 H 8 3.6 6.4 SR 2.8
11 2012/6/7 23:11 #E1L 15 3.8 7 R 3.2
12 2012/7/10 18:04 =] 9 4.7 8.2 R 3.5
13 2012/7/10 15:39 MR 9 4.7 8.2 ks 3.5
14 2012/7/11 14.31 pu A 8 4.5 7.7 IR 3.2
15 2012/7/11 15:31 R 5 4.5 7.7 Py 3.2
16 2012/9/23 20.23 ] 8 3.3 6.4 Rt 3.1
17 2013/6/26 17.58 M 8 4.1 7.1 SR 3
18 2014/6/6 13:43 i 5 3.8 7.2 s 3.4
19 2014/6/9 13:02 AL 9 3.1 6.3 R 3.2
20 2014/6/9 17:25 el 8 3.1 6.3 R 3.2
21 2014/6/16 18:01 e 6 4 7.1 IR 3.1
22 2014/6/17 17:29 7Rl 7 3.9 7.2 i 3.3
23 2014/7/13 1703 i 7 4 7 RE 3
24 2014/7/14 16:46 R 8 4.1 7 IR 2.9
25 2014/7/16 13:19 ES) 15 1.3 7.5 R 3.2
26 2014/8/16 16:45 L4 5 4 7.3 iy 3.3
27 2014/8/21 16:21 £ 4 7 4.3 7.4 RE 3.1
28 2014/8/21 17:04 Hh 22 4.3 7.4 proy= 3.1
29 2015/5/17 17:18 7R A H 11 3.7 6.6 iy 2.9
30 2015/5/17 21:53 i L 5 3.7 6.6 iy 2.9
31 2015/6/1 15:04 e 12 4 7.1 dtne 3.1
32 2015/6/1 16,37 DL 5 4 7.1 bt 3.1
33 2015/6/10 16:21 J i 10 3.4 6.4 dbxt 3
34 2015/7/27 1807 TR i 6 5.2 8.2 R
35 2015/8/11 15:50 E) 8 4.5 7.7 proy= 3.2
36 2015/8/29 16:10 E) 8 3.8 6.9 pinyes 3.1
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Table 2 Average height and standard deviation of 0C level layer and —20°C level layer

at Beijing Station and Laoting Station from May to September 2013—2017

R0 (54511

H 0°CJZF @ i /km 0 CJZ i B bR #E2E / km —20°CJZ P4/ km —20 CJZ @ JE bR fE2E / km
5 3.48 0.58 6. 40 0. 63
6 3.98 0.48 7.16 0. 61
7 4.77 0. 46 8.02 0.55
8 4.57 0.58 7.86 0. 68
9 3.67 0. 40 6.92 0.47
R B (54539)
A 0 CJZF# = B/ km 0 CJZ i B bR #E2E / km —20 CE V- L/ km —20 CE R bR HE% /km
5 3.60 0.53 6. 69 0. 64
6 3.54 0.75 6. 70 0.91
7 3.90 0.75 7.01 0.91
8 4.43 0. 60 7.72 0. 66
9 4.64 0.91 7.96 0.70
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Table 3 SS and HI structural information of storm cell numbered B0 on 23 September 2012
AZ/RAN TOP VIL MaxREF MaxREF POSH POH MEHS
/ I ax . N
/(km/%) /km /kg + m~* /dBz HEIGHT /% /% /in /BT
/km
267/16 2.9 5 51 1.7 19:00:01
235/10 >3.6 14 57 0.5 19.06:01
225/12 =>5.6 10 56 0.5 19:12:00
219/18 4.6 18 57 1.9 19:18:00
217/20 4.9 19 57 1.2 19:24.01
215/21 =>7.2 18 55 1.6 19:30:00
212/23 5.9 18 57 19:36:01
211/26 4.7 18 55 0 10 <<0.5 19:42.00
210/29 5.1 18 59 1.7 0 30 <0.5 19.48.01
210/32 5.6 22 57 2.6 0 30 <0.5 19:54.00
207/34 5.9 20 58 1.5 0 20 0.5 19:00:01
211/40 7.1 32 58 2.5 30 70 0.5 19:06:01
208/43 7.8 35 62 1.2 60 80 1 19:12.01
207/45 8 35 64 3.6 70 80 1 20:18.:00
206/47 5.1 27 63 1.3 0 40 0.5 20:24.00
AR SR VKR A A B 6 L B A 4 (3R v DKL IR 3R VKL R RRAIE S K VK RS H2 B /N IA S PR 26 4 30l B
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10 mm)FEA
2 ﬁk@kiﬂj‘fﬁ LY N EDOP LR 2 i
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TS FAT AN UK & A I Y B 3 A 0
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KSR I ATRAE TS 0L BT 2) o R 1 40 B A ) SR/

i3 43 A A 36 AN VKA AN ] LAE L K R
Az X R R 2% B iR MaxREF 2 3y B 1 [ 7E
49~70 dBz.F3{H N 62 dBz. WK &Lk Fe/N R
Sr3 5 WSR-88D & S I 5 % 8 (53 dBz) AN [F]
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P
(=}
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[ L 0CJRE —20C 2R 2% .

TOP1 = H ,, — H, (2)
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VIL 2 AR A S 38 R 1l WS 7K 5 1
AR AT T T K2 A9 — 44 i (Johnson et al,
1998) . % He k47 3 2 L 15 3] XU A 1R RS 7K
AR R A B T X R B Y £5 5 SR EE R T UK R Y
AR B R s ER .

BBV TG RS I 2 Y DS D VA I P R N
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Fig. 2

Statistical characteristics distribution of radar parameters of

different dimensions of hail for storms

(a) MaxREF, (b) TOP, (¢) TOPO, (d) VIL, (e) MaxREF HEIGHT
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HEIGHT) s WL VK & & A= i) s fie K 43 % B 7 BT 78
R A R 7T L 2 I & 7 i I G VA LB =R TN
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KB AEAE B Y it B . MaxREF JET, VIL #f
23 0 BUAS [) 2 B2 1 39 < (R0 0 19 L 20055 9 % 2
DL/ ,2009; BEES 2, 2014) , BF5E 2 B S8k TOP
o ET AR AH RS R 5 ET 40 A B A — B (5 1H
&5 ,2015), LAFR 3 XA 6 w] LA HE L A2 X
Bk R R, MaxREF . TOP, VIL # 5 % B
Wy, NEE — AR B vk R A i B 2T —
A3, MaxREF, TOP F1 VIL 5 K % 34 {8 43 51 R
13 dBz( M\ 51 dBz #4 /i1 %] 64 dBz).5. 1 km (M
2.9 km¥EIM#E] 8 km) 1 30 kg » m *(5 kg « m * 1
JnE] 35 kg« m™*), FFH L FEAE KGR KRR,
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@ 20
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@10—
= S
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Fig. 3 Storm movement speed

in case of hail

3.1 RBEERAEARRHEEF (MaxREF)ZEH

FE SCAE UK B K& AR T AN [A] B[R] fR] — S 1D B
MaxREF f K& /ME M 284k 5 MaxREF #4, B3
B KA B & A UKL B I (8] 22 2 MaxREF 33 3% 42 Hif
W], SEit 36 Aok A af DL A [ A 41 7Y
MaxREF 34 & A fir A [, fe RAE R F) 29 dBz, ¥ 1y
{H°~ 14 dBz([® 4a), MaxREF i 44 $2 §ij i 8] % £
S 19 AR /N 25 R KR I KR & R
AP DT R B R 7 AN (42 min) (& 4b)

AR TR — A TD XUEAE K J A [A] B B » Max-
REF 3% 3 (0 i BE WA FH R . O 1 547 b 42 ) Max-
REF {6 B FFAE , 5 SCTE RCER & e 2ok #E by A48 PR
AMMAFT R MaxREF i K 728 6 5 2 MaxREF ER 72
i, MaxREF BRAZ & A& B B [8] 5 UK 85 & A= 19 B [
22,58 X MaxREF BRZZ $2 jif i) [\ . 4831 v LI
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I 6] 5 R Ry 23 AN ~F X BRAZ $2 i 1) 18] 2 6. 5
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A 3.1 AL 43 i E SO T R TOP 3 4
TOP BRAE &t . TOP 32 34 42§ i (4] . TOP BRAZE 45 Hif 1]
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Fig.5 Probability density distribution of
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